
BSI Standards Publication

Classification of 
environmental conditions

Part 2-9: Environmental conditions 
appearing in nature — Measured shock 
and vibration data — Storage, 
transportation and in-use

BS EN 60721-2-9:2014



National foreword

This British Standard is the UK implementation of EN 60721-2-9:2014. It is
identical to IEC 60721-2-9:2014.

The UK participation in its preparation was entrusted to Technical
Committee GEL/104, Environmental conditions, classification and testing.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2014.
Published by BSI Standards Limited 2014

ISBN 978 0 580 67176 0
ICS 19.040

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 June 2014.

Amendments/corrigenda issued since publication

Date                     Text affected

BRITISH STANDARDBS EN 60721-2-9:2014



 
 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

 
 EN 60721-2-9 
  

 
 May 2014 

ICS 19.040     

English Version 

 Classification of environmental conditions - Part 2-9: 
Environmental conditions appearing in nature - Measured shock 

and vibration data - Storage, transportation and in-use 
(IEC 60721-2-9:2014) 

 

Classification des conditions d'environnement - Partie 2-9: 
Conditions d'environnement présentes dans la nature - 

Données de chocs et de vibrations mesurées - Stockage, 
transport et utilisation 
(CEI 60721-2-9:2014) 

 Klassifizierung von Umgebungsbedingungen - Teil 2-9: 
Natürliche Einflüsse - Beschreibung von 

Umgebungsbedingungen aus gemessenen Stoß- und 
Schwingungsdaten - Lagerung, Transport und Im-Betrieb 

(IEC 60721-2-9:2014) 

This European Standard was approved by CENELEC on 2014-04-10. CENELEC members are bound to comply with the CEN/CENELEC 
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration. 

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC 
Management Centre or to any CENELEC member.  

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation 
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the 
same status as the official versions. 

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic, 
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey and the United Kingdom. 

European Committee for Electrotechnical Standardization  
Comité Européen de Normalisation Electrotechnique 

Europäisches Komitee für Elektrotechnische Normung 

CEN-CENELEC Management Centre: Avenue Marnix 17,  B-1000 Brussels 

© 2014 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members. 

  Ref. No. EN 60721-2-9:2014 E 

BS EN 60721-2-9:2014

http://dx.doi.org/10.3403/30200512U


EN 60721-2-9:2014 - 2 -  

Foreword 
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Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent 
rights. 

Endorsement notice 

The text of the International Standard IEC 60721-2-9:2014 was approved by CENELEC as a European 
Standard without any modification. 
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IEC 60721-3 (Series) NOTE Harmonized as EN 60721-3 (Series). 

IEC 60068-2-6:2007 NOTE Harmonized as EN 60068-2-6:2008. 

IEC 60721-1 NOTE Harmonized as EN 60721-1. 
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INTRODUCTION 

This part of IEC 60721 is intended as part of the strategy for defining an environmental 
description from measured data acquired at multiple locations whilst a product is either in 
storage, being transported or in-use at weather or non-weather protected locations. This 
measured data is normally in the form of acceleration versus time records. This, in turn, will 
then allow appropriate severities to be chosen from the IEC 60068-2 series [1] 1 of shock and 
vibration test methods. Environmental levels given in IEC 60721-3 [2] should then be applied, 
having been updated based upon the strategy described in this standard. 

More detailed information may be obtained from specialist documentation, some of which is 
given in the bibliography. 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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CLASSIFICATION OF ENVIRONMENTAL CONDITIONS – 
 

Part 2-9: Environmental conditions appearing in nature –  
Measured shock and vibration data –  

Storage, transportation and in-use 
 
 
 

1 Scope and object 

This part of IEC 60721 is intended to be used to define the strategy for arriving at an 
environmental description from measured data when related to a product's life cycle. 

Its object is to define fundamental properties and quantities for characterization of storage, 
transportation and in-use shock and vibration data as background material for the severities 
to which products are liable to be exposed during those phases of their lifecycle.  

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

None. 

3 General 

3.1 Introductory remarks 

Shock and vibrations measured in storage, transportation platforms and in-use locations can 
vary considerably from a basic sinusoidal character to pure random, which itself may or may 
not be normally distributed. If it is the latter, it can be reasonably assumed that the process is 
a sum of normally distributed random waves of differing amplitudes mixed in a complex 
manner. 

Rarely can a real world environment be classified purely as a sinusoidal vibration and is 
normally associated with a discrete excitation mechanism such as rotating machinery, aero 
engines, propellers and is normally mixed with an associated random vibration process. It is 
then necessary for the specification writer to decide whether to conduct a random vibration 
test only or to perform one of the mixed mode tests. 

Associated with the vibration environment for each life-cycle stage is, potentially, a shock 
environment which may produce much higher acceleration levels in certain circumstances. 
Generally speaking, the frequency content for these shocks is contained within the 0 Hz to 
200 Hz bandwidth for, say, transportation, assuming that the packaged product is firmly 
secured to the transport platform base and is not therefore ‘bouncing around’. However, much 
higher frequencies, maybe in the kHz range, may be present in the in-use stage, again 
dependent upon the real world scenario. 

The process described below is for a random vibration environment, since it is probably the 
most common form of test conducted. Any statement made therefore about the random 
process should be interpreted as applying to the alternative process. However, it can equally 
be applied to the shock environment by calculating the shock response spectrum and 
conducting the same process on this spectrum as for an acceleration spectral density (ASD) 
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spectrum. It is also equally applicable to sinusoidal data in the form of acceleration versus 
frequency. However, special attention may be required for this data dependent upon the initial 
process involved, that is, the acceleration involved, the r.m.s. value or the discrete value at 
the frequency in question. 

Other factors to be considered in this process include: 

a) factoring for the random spectra, which may depend upon the eventual purpose of the test 
programme, for example, robustness, qualification etc.; 

b) statistical properties of the environment; 
c) statistical properties of the product; 
d) time – life cycle profile. 

This clause looks at some of the general characteristics that can be expected from the 
storage, transportation and use of a product. 

3.2 Storage 

During storage, the product is placed at a certain site for long periods, but not intended for 
use during these periods. The storage location may be weather-protected, either totally or 
partially, or non-weather-protected. In any case, in the storage environment the product will 
undergo handling, thus it may be subjected to severe shock and vibration levels depending on 
the type of handling devices and storage racks. As a consequence, the product may be 
subjected to very benign, insignificant shock and vibration levels through to significant levels, 
such as those transmitted from machines or passing vehicles, and maybe even higher levels 
of shock and vibration such as that seen when stored close to heavy machines and conveyor 
belts. 

3.3 Transportation 

3.3.1 Road 

A shock and vibration environment is experienced any time a product is transported by road. 
The main factors affecting the magnitude and frequency of such an environment are 

– the design of the carrying vehicle, 
– the velocity of the vehicle, 
– the road profile, 
– the position of the product in the vehicle, 
– the reference axis for the vibration measurements with respect to the vehicle axis,  

generally a vertical axis is the worst, 
– the product itself may influence the vehicle response, 
– the payload on the vehicle. 

Historically, the road transport environment was simulated in the laboratory using sinusoidal 
vibration. Today, it is more usual to use random vibration and the strategy defined in this 
standard applies to that technique. It is also normal practice to include both road transport 
and handling shocks in a test regime as the content can be very different. The relevant 
specification will need to specify if this is a requirement. 

3.3.2 Rail 

Rail environments depend upon the suspension design which, in modern trains, is air based. 
Nevertheless, not all trains are modern, especially when dealing with freight transportation, 
thus high level and wide frequency range environments extending to high values can be 
anticipated. The air-based suspension system provides a very smooth, therefore generally low 
level, low frequency environment. Shunting shocks may produce significantly higher 
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acceleration levels, depending on buffer design. The main factors affecting the magnitude and 
frequency content of this environment are 

– the type of wagon suspension system, 
– the rail profile, 
– the position of the product on the wagon, 
– the buffer type and impact speed in shunting. 

3.3.3 Air 

3.3.3.1 General 

Air transport can take the form of either a jet or propeller driven aircraft, including rotary wing 
aircraft. The chosen platform can change dramatically the environment experienced by a 
transported product. 

3.3.3.2 Jet 

For jet engine aircraft, the environment is random in nature and the magnitude and frequency 
content of the shock and vibration will vary depending upon position within the cargo space, 
but can extend up to 2 000 Hz. 

3.3.3.3 Propeller 

In the case of propeller driven aircraft, the environment can be principally a sine wave at 
engine rotor and blade pass frequencies and harmonics on top of a general random 
background. These frequencies vary depending upon the aircraft, but are normally most 
dominant in the frequency range up to 200 Hz. In this case, sine-on-random simulations may 
be appropriate. Generally, the nature of the environment becomes less sinusoidal as the 
distance from the rotary excitation source increases. In this case, random-on-random 
simulation may be more appropriate or, more simply, a random profile with discrete frequency 
intervals at higher amplitude to simulate the increased levels. The inline propeller 
environment can become quite large and it is a location to be avoided if a product is sensitive 
to these frequencies. 

3.3.4 Sea 

Sea transport can be a combination of sinusoidal components such as engine and propeller, 
and random components, e.g. sea state excitation, the location of the cargo space in the ship 
and cargo position within the space. The main factors affecting the magnitude and frequency 
content of this environment are 

– the size of the ship, 
– the velocity of the ship, 
– position of the cargo in the ship, 
– the severity of the port cargo handling. 

3.4 In-use 

This phase of the life cycle of a product can vary significantly, influenced by a number of 
factors such as the mounting arrangements and position within, say, a building, the location of 
that building and the proximity of shock and vibration generating sources. In-use is not just 
limited to products that may be installed indoors; it also covers all those situations where a 
product is used within its design and operational mode. Clearly this can lead to a significant 
number of environments that the product has to meet.  

The product may or may not be weather protected during this phase of its life cycle, exposing 
it to a different combination of environments. Perhaps the principle difference during this 
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phase is that the product would normally need to function and operate over a much wider 
spectrum of environments than during any other phase. 

Equally, these environments may be the most benign a product experiences in which case it 
may be transportation that results in the more damaging scenarios. 

To clearly formulate any sort of test level and to decide on the types of environment requires 
an intimate knowledge of how the product is to be used and it is essential to ensure that the 
product is not used outside of its proven capability. 

4 Shock and vibration data 

The data that is acquired during a field measurement exercise generally takes the form of 
acceleration versus time data, measured with a suitable accelerometer and instrumentation 
system. The data may be recorded in either an analogue or digital format permitting a number 
of analysis processes to be applied to the data. 

This data is normally processed into one of the following forms, dependent upon its nature:  

– peak acceleration versus frequency for sinusoidal data; 
– shock response spectrum for shock data; 
– acceleration spectral density (ASD) versus frequency for random data. 

The strategy adopted in this standard can be applied equally to each form of data. 

5 Description of the methods 

5.1 General 

In order to allow some flexibility for the strategy to be adopted, two methods are given: the 
first one is a simple approach and the second utilises a statistical approach. There are other 
methods available and can be found in the bibliography. The chosen method should always 
be stated in the relevant specification. 

5.2 ASD envelope method 

The most common way to arrive at an envelope limit for the acceleration spectral density 
values at all measurement points is to superimpose the spectral curves and then select and 
plot the maximum spectral value at each frequency resolution bandwidth. This will produce an 
unsmoothed envelope which can be smoothed using a series of straight lines. To provide 
some consistency, these straight lines normally have slopes of (0, ±3 or ±6) dB/octaves. 

The primary advantage is that this approach is easy to apply. The consequent disadvantage is 
that the straight line process becomes subjective and a series of envelopes would be 
obtained by different people. 

Other disadvantages are as follows: 

a) differing results can be obtained dependent upon the frequency resolution of the spectra 
being enveloped;  

b) it cannot be guaranteed that the spectral envelope at a given frequency will encompass 
the spectral value of the response at another location on the platform. 
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5.3 Normal tolerance limit method 

A more definitive way to arrive at a conservative limit for the spectral values of the structural 
responses on a transport platform is to compute a normal tolerance limit for the predicted 
spectra in each frequency resolution bandwidth. 

Normal tolerance limits only apply to normally distributed random variables. The variation in 
the spectral response data of different data sets on a transport platform in relation to 
stationary, non stationary and transient dynamic loads is generally not normally distributed. 
However, there is considerable evidence [3] that the logarithm of the spectral values does 
have an approximately normal distribution. Therefore, by making the following transformation: 

y = log 10 x 

a normal tolerance limit can be predicted. Specifically, the normal tolerance limit (NTL) for y is 
defined as that value of y that will exceed at least a portion β (beta) of all possible values of y 
with a confidence of γ (gamma), and is given by: 

NTLy =  ỹ + C Sy 

where 
ỹ   is the sample average; 

Sy   is the sample standard deviation; 
C   is a constant taken from Table 1. 

This is called the normal tolerance factor. 

The normal tolerance limit in the original engineering units of x can be retrieved by: 

NTLx = 10 NTLy
 

NOTE If the spectral data is not logarithmically normally distributed, other statistical methods exist to establish 
tolerance limits for other distributions, or even without reference to a specific distribution [3]. 

Annex A shows a worked example for both methods. For the normal tolerance limit method, it 
is recommended that the 95/50 limit (1,78 in Table 1) is used, i.e. the limit will exceed the 
response spectral values for at least 95 % of all points on the transport platform with a 
confidence of 50 %. However, other tolerance limits may be computed if there is a reason to 
use a more conservative value. It should be noted that an increase in level of some 7,8 dB 
exists when going from the 95/50 limit (1,78 in Table 1) to the 95/90 limit (3,4 in Table 1). The 
relevant specification would need to justify such an increase. 
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Table 1 – Normal tolerance factors, C 

n a 
γ b = 0,50 γ = 0,75 γ = 0,90 

β c = 0,90 β = 0,95 β = 0,99 β = 0,90 β = 0,95 β = 0,99 β = 0,90 β = 0,95 β = 0,99 

3 1,50 1,94 2,76 2,50 3,15 4,40 4,26 5,31 7,34 

4 1,42 1,83 2,60 2,13 2,68 3,73 3,19 3,96 5,44 

5 1,38 1,78 2,53 1,96 2,46 3,42 2,74 3,40 4,67 

6 1,36 1,75 2,48 1,86 2,34 3,24 2,49 3,09 4,24 

7 1,35 1,73 2,46 1,79 2,25 3,13 2,33 2,89 3,97 

8 1,34 1,72 2,44 1,74 2,19 3,04 2,22 2,76 3,78 

9 1,33 1,71 2,42 1,70 2,14 2,98 2,13 2,65 3,64 

10 1,32 1,70 2,41 1,67 2,10 2,93 2,06 2,57 3,53 

12 1,32 1,69 2,40 1,62 2,05 2,85 1,97 2,45 3,37 

14 1,31 1,68 2,39 1,59 2,01 2,80 1,90 2,36 3,26 

16 1,31 1,68 2,38 1,57 1,98 2,76 1,84 2,30 3,17 

18 1,30 1,67 2,37 1,54 1,95 2,72 1,80 2,25 3,11 

20 1,30 1,67 2,37 1,53 1,93 2,70 1,76 2,21 3,05 

25 1,30 1,67 2,36 1,50 1,90 2,65 1,70 2,13 2,95 

30 1,29 1,66 2,35 1,48 1,87 2,61 1,66 2,08 2,88 

35 1,29 1,66 2,35 1,46 1,85 2,59 1,62 2,04 2,83 

40 1,29 1,66 2,35 1,44 1,83 2,57 1,60 2,01 2,79 

50 1,29 1,65 2,34 1,43 1,81 2,54 1,56 1,96 2,74 

∞ 1,28 1,64 2,33 1,28 1,64 2,33 1,28 1,64 2,33 
a n is the number of sample spectra. 
b γ is the confidence coefficient. 
c β is the limit that will be exceeded for at least a chosen percentage number of times. 

 

As in the previous method this will produce an unsmoothed envelope which can be smoothed 
using a series of straight lines. To provide some consistency, these straight lines normally 
have slopes of (0, ±3 or ±6) dB/octaves. 

The normal tolerance limit method offers a number of advantages such as 

a) being a statistical approach, it provides a limit that will exceed a defined portion of the 
spectra with a defined confidence, 

b) it is not as sensitive to the frequency resolution bandwidth as the ASD envelope method. 

The potential disadvantage is that the procedure is sensitive to the assumption that at all 
measurement points the distribution of the platform response spectral values is lognormal. 

As before, a further disadvantage is that the straight line process becomes subjective and a 
series of envelopes would be obtained by different people. 

5.4 Product axis 

5.4.1 Known axis 

Whichever method is chosen to compile an environmental definition, and if it is known that a 
product will be stored, transported or used in a well defined orientation, then the procedure 
shall be repeated for each major orthogonal axis of the product or of the product in its 
packaging. 
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5.4.2 Unknown axis 

However, if the orientation is not known, then the environmental definition shall be compiled 
from all of the available data and a single specification used for each of the major orthogonal 
product axes. 

5.5 Factoring for variables and unknowns 

Variability in the spectral response of a defined life cycle shall be taken into account for the 
final environmental level. These variations can be the result of differences between 
supposedly identical platforms, journey to journey variations, where and how the product is 
stored and then finally used in-service. 

Whilst the procedures above principally take account of variations in the vibration amplitude 
response and, to a minor extent, frequency differences, it may be necessary to take account 
of the difference in response of the product itself, usually termed ‘unit-to-unit’ variability. In 
the absence of precise knowledge of the variability of a product, it is recommended that 

– for tightly toleranced products a frequency variation of ±5 % be employed, 

– for wider toleranced products a frequency variation of ±10 % be employed. 

This factor should be employed when the spectral peaks are very narrow, that is high 
magnification is present, to ensure that the product is stressed to its maximum value. For 
example, see Figure B.1, and the peaks around 300 Hz and 500 Hz. Here the value at the 
peak ASD should be widened as above. 
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Annex A 
(informative) 

 
Worked example 

A.1 Envelope curve 

Table A.1 contains the gn
2/Hz (x) values for five hypothetical curves, that is, curves 1-5, at 

eight frequencies between 10 Hz and 2 000 Hz. The values highlighted in bold represent the 
maximum from the five curves at each of the eight frequencies and give the envelope curve 
result according to 5.2. This is plotted in Figure A.1 along with the five curves. In Table A.1, 
the column next to the five curve columns contains the value y = log10 x. 

NOTE gn is standard acceleration due to earth’s gravity (see 3.12 of IEC 60068-2-6:2007) [4]. 

A.2 NTL curve calculation  

Table A.2 contains in the first column the mean value of y at each of the eight frequencies 
and the next column has the corresponding standard deviation. The values of standard 
deviation in the column are then multiplied by C = 1,78 which is the 95/50 limit value chosen 
from Table 1. Other values can be chosen at this point in the calculation dependent on the 
statistical confidence level required. This enhanced standard deviation value is then added to 
the mean value y and then x = 10y is calculated to give the normal tolerance limit envelope 
values, curve 6, according to 5.3. This is plotted in Figure A.1 and as can be observed is 
above curves 1 to 5 and the standard envelope, curve 7, of curves 1 to 5. 

A.3 Processing of the envelope curve and NTL curve 

Both the envelope curve and the NTL curve require some further processing according to 5.3 
in order to make them suitable for use as an environmental spectrum level. If the envelope 
curve of any environmental description has many sharp peaks then it becomes more difficult 
to decide on a straight line representation of this curve. 

This severity may still require some factoring as described in 5.4. 

Annex B describes one process that can be adopted in order to smooth and reduce the 
number of frequency breakpoints in order to arrive at an ASD spectrum suitable for use in 
today’s modern digital vibration control systems. 

Table A.1 – Example of five hypothetical curves for random vibration 

Freq. 
Hz 

Curve 1 
gn

2/Hz 
(x) 

y = 
log 10 x 

Curve 2 
gn

2/Hz 
(x) 

y = 
log 10 x 

Curve 3 
gn

2/Hz 
(x) 

y = 
log 10 x 

Curve 4 
gn

2/Hz 
(x) 

y = 
log 10 x 

Curve 5 
gn

2/Hz 
(x) 

y = 
log 10 x 

10 0,009 –2,0458 0,020 –1,6990 0,005 –2,3010 0,070 –1,1549 0,030 –1,5229 

20 0,200 –0,6990 0,050 –1,3010 0,002 –2,6990 0,500 –0,3010 0,070 –1,1549 

50 0,080 –1,0969 0,020 –1,6990 0,010 –2,0000 0,003 –2,5229 0,200 –0,6990 

100 0,300 –0,5229 1,050 +0,0212 0,020 –1,6990 0,070 –1,1549 0,100 –1,0000 

200 0,010 –2,0000 0,200 –0,6990 0,080 –1,0969 0,060 –1,2218 0,006 –2,2218 

500 0,070 –1,1549 0,005 –2,3010 0,020 –1,6990 0,100 –1,0000 0,002 –2,6990 

1 000 0,020 –1,6990 0,007 –2,1549 0,004 –2,3979 0,090 –1,0458 0,030 –1,5229 

2 000 0,005 –2,3010 0,050 –1,3010 0,010 –2,0000 0,002 –2,6990 0,080 –1,0969 
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Table A.2 – Calculation for the five hypothetical curves 

Mean y Standard 
deviation 

C × Standard 
deviation 

y + C × 
Standard 
deviation 

10^  

    NTL curve 6 Envelope curve 7 

–1,7447 0,4470 0,7957 –0,9490 0,1125 0,07 

–1,2310 0,9102 1,6201 +0,3891 2,4496 0,50 

–1,6035 0,7222 1,2856 –0,3180 0,4808 0,20 

–0,8711 0,6519 1,1604 +0,2893 1,9467 1,05 

–1,4479 0,6401 1,1394 –0,3085 0,4915 0,20 

–1,7708 0,7282 1,2962 –0,4745 0,3353 0,10 

–1,7641 0,5322 0,9473 –0,8168 0,1525 0,09 

–1,8796 0,6728 1,1976 –0,6820 0,2080 0,08 
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Figure A.1 – Comparison of curves 1 to 5 and the  
envelope curve 7 and 95/50 NTL curve 6 

BS EN 60721-2-9:2014



IEC 60721-2-9:2014 © IEC 2014 – 15 –  

Annex B 
(informative) 

 
Method to smooth and envelop  

an environmental description spectrum 

B.1 Original data 

Figure B.1 shows a 95/50 NTL envelope that was calculated from laboratory simulation 
structural response data. Whilst Annex A demonstrates the NTL process with only a few 
curves at a small number of frequency points, it was considered necessary examine how the 
technique would work with real data.  
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Figure B.1 – 95/50 NTL envelope of data 

B.2 Octave averaging 

The data in Clause B.1 can be octave averaged, using 1, 1/3 and 1/6 or 1/12 octaves. For the 
data shown, 1/3 octave averaging provides the best compromise of retaining overall shape 
together with a practical number of breakpoints. 

B.3 Averaging method 

For random vibration the averaging is carried out on the gn
2/Hz values. The break points are 

at the centre frequency value in the 1/3 octave averaged bandwidth. There are a number of 
ways to average the gn

2/Hz data, two are listed below: 

a) take the maximum value within the averaging bandwidth; 
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b) take the mean value within the averaging bandwidth. 

Using approach b) the r.m.s. acceleration value of the 1/3 octave envelope is very close that 
of the original data, see Figure B.2. 
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Figure B.2 – 95/50 NTL envelope of data including the  
1/3 octave averaged data 

B.4 Standard slope curves 

It may be further beneficial to define the 1/3 octave envelope with lines of standard slope. The 
plot below, Figure B.3, is made of curves of multiples of 12 dB/octave, for example, (–24, –12, 
0, 12, 24). Curves with less dynamic range between the peaks and notches may be able to 
employ multiples of (3 or 6) dB/octaves as appropriate. The values chosen should be clearly 
stated along with the environmental description. 
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Figure B.3 – 1/3 octave averaged with standard slopes 

B.5 Comparison of envelope and NTL curves 

B.5.1 Figure B.4 shows a comparison between the envelope curve according to 5.2 and 
various levels of NTL curve according to 5.3. It can clearly be observed that the overall 
vibration energy levels expressed by the r.m.s. acceleration increase dramatically as the 
value of the confidence factor γ (gamma), increases. 

B.5.2 This is probably exceptional data from a level and dynamic range viewpoint when 
compared with the expected transport data. However, it clearly demonstrates how the process 
works and the effects the choice of certain parameters can make in the process. 

B.5.3 The following is a list of parameters used to produce the curves below and is the 
minimum that should be recorded in the relevant specification: 

a) envelope or NTL curve; 

b) if NTL curve, the β (beta) and γ (gamma) levels, for example, 95/50; 

c) octave averaging of the curve, 1/3 octave is recommended; 
d) averaging method, either mean or maximum value within the averaging bandwidth; 
e) standard slopes employed, yes or no, if yes, state the values used. 
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Figure B.4 – Comparison of curves with increasing normal tolerance factors C 
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